It has recently been reported that the experimental maximum Kerr rotation and ellipticity for AuMnSn are shifted 0.6 eV higher in energy than that predicted from our full-potential densityfunctional calculation. Similarly the intensity of the measured Kerr rotation spectra turned out to be about three times smaller than our predicted values and it was argued that the failure of the local spin-density approximation to account for the correlation effect is responsible for these discrepancies. However, the magneto-optical Kerr effect measurements were made at room temperature on nonstoichiometric crude single crystals, whereas our calculated spectra are valid for ideal stoichiometric single crystals at low temperatures. The temperature effect is one of the main reasons for the discrepancies, but we have also discussed other possible reasons. Lee et al.
It has recently been reported that the experimental maximum Kerr rotation and ellipticity for AuMnSn are shifted 0.6 eV higher in energy than that predicted from our full-potential densityfunctional calculation. Similarly the intensity of the measured Kerr rotation spectra turned out to be about three times smaller than our predicted values and it was argued that the failure of the local spin-density approximation to account for the correlation effect is responsible for these discrepancies. However, the magneto-optical Kerr effect measurements were made at room temperature on nonstoichiometric crude single crystals, whereas our calculated spectra are valid for ideal stoichiometric single crystals at low temperatures. The temperature effect is one of the main reasons for the discrepancies, but we have also discussed other possible reasons. Lee et al. 1 insist that the localization of 4d and 5d orbitals in AuMnSn is the main reason for discrepancies between our theoretically-predicted 2 and experimentallymeasured Kerr spectra. However, no valence 4d electrons are available in this system. Moreover, 4d and 5d orbitals will be comparatively more delocalized than 3d orbitals, hence the correlation effect (CE) of electrons in these orbitals will not be very significant. As CE are maximum near half-filling for a given system, 3 considerable CE may be expected from Mn-3d orbitals (responsible for magnetism). However, no parameter-free approach is yet available to explore the real importance of CE on the magneto-optical Kerr effect (MOKE).
The ground-state band structure cannot properly describe the many-body interactions which lead to shift in the energies of excited-state quasiparticles (screened electrons and holes). Hence an empirical complex self-energy shift has to be included. This shift is well known in semiconductor physics as the origin for underestimation of band gap and this can be rectified ad hoc by a so-called scissor operation in theoretical spectra where a constant shift is introduced to bring out meaningful comparison with the experimental spectra. This shift is not due to the CE. However the presence 4 of narrow bands in the valence band (VB) severely underestimates the band gap due to CE. But this is not the case for AuMnSn due to its metallic behavior and the relatively broad-band features compared with strongly correlated materials such as 3d transition-metal oxides and lanthanide-based compounds. The measured Kerr spectra show an uniform decrease in intensity independent of the photon energy, suggesting that the discrepancies are not due to changes of the electronic states alone, but rather have a macroscopic origin.
The energy dispersive x-ray (EDX) analysis in Ref. ). Moreover, the Heusler-type structure easily allows structural disorder through addition of one of the constituents to the empty crystallographic site, partial removal (subtraction) of one constituent or substitution of one of the constituents by another. More complex non-stoichiometry variants arise on combination of these simple mechanisms, e.g., as suggested for PtMnSn. 6 Large Kerr effect is expected for small ε xx 2 and large ε xy 2 . Structural disorders such as strains, defects, and voids cause light scattering, which consequently enhances ε xx 2 and thus decreases the MOKE. For example, chemical disorder in FePt decreases the Kerr rotation intensity at 2 eV by almost 50% and shifts it to higher energy 7 (a similar behavior is also observed for PtMnSb 8 ). The low-energy absorption is related to Sn-5p-to-Mn-3d transitions and the high-energy absorption to Au-5d-to-Mn-3d transitions in the minority-spin band. Strictly speaking, our predicted MOKE spectra are valid only for the ideal 1:1:1 composition. Any deviation from this composition and associated disorder will affect the Kerr spectra in the whole energy range.
Ref. 1 reports that for photon energies higher than 3.0 eV the agreement between experiment and theory is less satisfactory. Generally, above 6 eV the transition-matrix elements are expected to be less accurate due to basis-set incompleteness and consequently the accuracy of the calculated Kerr rotation is indeed expected to be less satisfactory. Owing to the high absorption of the quartz optical devices used in MOKE apparatus, MOKE measurements are seldom reported above 6 eV. To the best of our knowledge, for FePt alone MOKE is measured up to 10.5 eV using synchrotron radiation. 10 We have calculated Kerr spectra for FePt (Fig. 16 of Ref. 9) and found very good agreement with experimental spectra up to 10 eV, clearly indicating that the present theory is good enough to predict MOKE spectra even at higher energy.
MOKE as well as ellipsometry are surface-sensitive effects with typical penetration depths of 50 to 100Å, whereas theoretical spectra concern bulk materials. Generally, electrons at the surface are more localized than those in the bulk. As the experiments have been conducted in air, surface oxidation and contamination cannot be avoided. Another problem is surface segregation which disproportionates the composition at the surface compared to the bulk. For NiMnSb it is shown that Sb atoms prefer to segregate at the surface whereas Mn is least preferred.
11 If Sn also segregates like Sb, one would expect significant reduction in the measured spectra compared with theory. In addition, the magnetic properties at surfaces can be different from the bulk and sensitive to details in atomic arrangement. The half-metallic behavior that is contributing to the enhancement of MOKE is mostly lost at the surface.
12 Due to segregation of Sb at the surface of NiMnSb, spin polarization decreases to 30% at 200 K and to zero at room temperature. 13 It is shown that removal of excess Sb by flash annealing results in a spin polarization of about 67±9%. Hence, in order to achieve surface reconstruction without segregation at the surface, samples were usually annealed and enhancement in the Kerr effect is observed.
14 As MOKE strongly depends on the method of preparation of the samples, especially on the surface treatment, low intensity of the experimental Kerr spectra 1 may be related to surface effects.
Owing to the unavoidable errors inherent to the Kramers-Kronig analysis of the reflectivity spectrum in a limited energy region, the absolute values of the dielectric functions derived from the experimental reflectivity data as well as from calculations will be subject to uncertainty. Hence, we have calculated the imaginary part of the optical dielectric function for AuMnSn up to 50 eV, whereas the experimental measurements were made only up to 5.4 eV. Moreover, the calculated intensity of MOKE spectra is some extent affected by the broadening used to account for the instrument resolution and life-time effects for the quasiparticles involved in the optical excitation processes (viz. the intensity decreases with increased broadening).
MOKE spectra are also influenced by the direction of magnetization However, the magnetic anisotropy in AuMnSn is small. During the MOKE measurements, all magnetic moment may not align along the applied field, which reduces the measured MOKE intensity compared with the fully-magnetized sample (perhaps not applicable to a soft magnet like AuMnSn).
The intraband contribution to MOKE is represented by a free-electron-like approximation using the Drude formula, where the phenomenological relaxation time τ (characterizing the scattering of charge carriers) depends on the amount of vacancies and other defects, and thus varies with the sample. The τ value for PtMnSb was chosen by fitting to the experimental curves and the thus derived parameters were used in the calculations for AuMnSb and AuMnSn. Note that the calculated lowenergy peak for PtMnSb is shifted from 1.2 to 1.6 eV by varying τ from 0.02 to 0.05. As the resistance of metals depends on temperature, τ is also expected to vary with temperature. Our unpublished results show that the electrical resistance of AuMnSn decreases by a factor of two from 300 to 77 K (the same reduction is also reported for MnBi 15 ) and by a factor of ten between 300 K and 5 K. Hence, variation of τ introduces an additional temperature dependence for MOKE at low energies. The unscreened plasma frequency (ω P ) used to estimate intraband contributions depends on the concentration of charge carriers which is calculated by integrating over the Fermi surface. 16 Sample purity affects the plasma frequency through the position of the Fermi level (E F ). Temperature broadens the electronic states at the E F , implying that both impurities and temperature (indirectly related to ω P ) may have a major effect on low-energy peak position and intensity.
The MOKE depends on the dispersion and character of the bands in the valence and conduction bands, spin polarization, and spin-orbit coupling (SOC). Hence variation of these factors with temperature affects the MOKE spectra. On increasing the temperature, two major changes in the electronic structure occur: (i) electrons at lower-energy levels are excited thermally to higher energy levels, resulting in variations in the absorption strength for left-and right-circularly polarized light and (ii) majority-spin electrons change their spin direction to minority-spin electrons, decreasing the saturation magnetization (M s ). Consequently, the SOC strength and the exchange splitting change with temperature resulting in variations in the spectral features of the Kerr rotation. The electronic levels also broaden due to lattice vibrations leading to decrease in the interband-transitions strength and hence MOKE.
Low-temperature experimental Kerr rotation data are scarce. The spectral feature of AuMnSn is similar to those observed for MnBi, Fe, Co, and Ni (exhibiting characteristic double peaks of the Kerr rotation in the 1 to 5 eV energy range). If one can understand the influence of temperature on MOKE in these and related systems, one may gain more insight in the AuMnSn situation. Fig. 1 shows that the intensity of the prominent peak in Kerr spectra decreases with increasing temperature, clearly indicating that MOKE intensity generally decreases with increasing temperature as for AuMnSn. So, it is important to have low temperature MOKE mea- surements in order to have meaningful comparison between experiment and theory. It should be noted that the Kerr rotation at 3.18 eV in Ni increases by 35% from 300 to 84 K, the experimental low-temperature data being in excellent agreement with ab initio calculations.
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One of the important factors that affects the MOKE is half-metallicity, which also changes with temperature. Around two electrons in the minority-spin 3d sub-band reverse their spin direction and go into the majority-spin sub-band on decreasing temperature. These reach deeper energy levels, cause interband transitions related to the left-circularly polarized light, and increase the magnitude of Kerr spectra in the entire energy range. Unfortunately no simple relationship is available between the Kerr rotation and the M s , because the M s depends on the spin orientations of 3d electrons, whereas the Kerr rotation depends on the spin orientations as well as distribution of these electrons in appropriate energy bands. For example, M s of MnBi decreases by about 30% on increasing the temperature from 85 to 475 K, whereas the prominent peak of Kerr rotation decreases by almost 50%. 15 When the exchange splitting decreases, the calculated doublepeak structure tends to disappear; 7 the higher-energy peak moves toward the lower-energy peak (∼0.4 eV in AuMnSn).
Moreover, the optical conductivity tensors depend on lattice dimensions. Oppeneer et al. 20 showed for Ni that, an 5% increase in lattice constant shifts the peak location from 4.1 to 3.2 eV. Hence, changes in the lattice constant of AuMnSn by thermal expansion may also shift the peak positions. The experimental higher-energy peak for Ni changes its shape and magnitude with temperature similar to that observed theoretically by varying the SOC strength. 20 So, deviation between experiment and theory on the shape and magnitude of Kerr spectra (especially above 3 eV) may also be associated with the temperaturedependent SOC. It is demonstrated 21 for PtMnSb that, the degree of p-d hybridization at the Pt site (which also changes with temperature) strongly influences the structure of the Kerr spectra. As this effect influences the whole energy range, its sway on the temperaturedependent Kerr spectra depends on the character of the bands in different energy ranges.
The effect of composition, temperature, correlation, and various approximations involved in the experimental and theoretical MOKE are analyzed. We conclude that the electronic structure, exchange splitting, and spinorbit-coupling strength depend on temperature, which are considered to be mainly responsible for the disagreement between the predicted Kerr spectra (valid for low temperatures) and the room-temperature experimental spectra. The intensity of Kerr spectra generally decreases with increasing of temperature and the shape and position of the peaks are influenced by temperature in a complex manner. Hence scaling of low-temperature theoretical spectra to compare it with room-temperature experimental measurements is strictly inappropriate. Finally, we like to record that the experimental findings of Lee et al. 1 concur with our expectation, as we stated in Ref.
2.
